The complete nucleotide sequence of RNA 1, the largest genomic segment of rice stripe virus (RSV), was determined using two sets of overlapping cDNA clones. 
Introduction
Rice stripe virus (RSV), the prototype of the genus Tenuivirus, has a broad host range in the Gramineae and causes serious damage to rice, particularly Japonica-type rice varieties (Toriyama, 1983; Francki et al., 1991) . RSV is transmitted by the small brown planthopper Laodelphax striatellus Fall6n, and planthoppers of three other species. In planthoppers, RSV replicates and is transovarially transmitted to a high percentage of the progeny (reviewed in Toriyama, 1986b) . The genome of RSV comprises four ssRNA segments; as well as low levels of four dsRNAs, duplexes of vRNA and its complementary RNA can also be detected (Toriyama & Watanabe, 1989; Ishikawa et al., 1989) . The dsRNAs found in tenuiviruses seem to be artifacts generated by annealing of complementary strands (Falk & Tsai, 1984) . The complete nucleotide sequences have been determined for RNAs 3 and 4 from two different isolates (Kakutani et al., t990, 1991; Zhu et al., 1991 Zhu et al., , 1992 and for RNA 2 from one isolate (Takahashi et al,, 1993) . The results
The DDBJ accession number for the sequence of RSV RNA 1 is D31879.
suggest that all three RNA segments have ambisense coding strategies. This was also experimentally shown by in vitro translation of RNA transcribed from the cDNA sequences .
The 3'-and Y-terminal sequences of approximately 18 nucleotides are conserved among all four RNA segments and are complementary to each other, except for one base change (U to A) at the sixth position from the 3' end of ssRSV RNA 1 (Takahashi et at., 1990) . Moreover, eight terminal nucleotides out of ten conserved nucleotides are identical to those present in the terminal consensus sequences of the genus Phlebovirus of the family Bunyaviridae (Elliott, 1990; Elliott et al., 1991; Kakutani et al., 1990; Takahashi et al., 1990) . Weak but significant amino acid sequence similarity exists between the nucleocapsid proteins from RSV and Punta Toro phlebovirus (Kakutani et al., 1990) . Likewise, similarity exists between the putative M r 94K protein of RSV RNA segment 2 and the membrane glycoproteins of Punta Toro and Uukuniemi phleboviruses (Ihara et al., 1985; R6nnholm & Petterson, 1987; Takahashi et al., 1993) . These observations suggest an evolutionary relationship between RSV and the phleboviruses.
The tenuiviruses include maize stripe virus (MStV), rice hoja blanca virus (RHBV), rice grassy stunt virus (RGSV) and three other possible members (Francki et 0001-2698 © 1994 SGM al., 1991 . Recent nucleotide sequencing studies of RNAs 3 and 4 of MStV (Huiet et al., 1991 (Huiet et al., , 1992 and RNA 4 of RHBV (Ramirez et al., 1993) showed strong homology in the RNA 3 and 4 sequences between MStV, RHBV and RSV. The 18 nucleotide terminal sequences are conserved in RNAs 3 and 4 of MStV, RHBV and RSV. All of these RNAs have an ambisense coding strategy.
Filamentous particles of RSV and RGSV are associated with a high level of RNA-dependent RNA polymerase activity. A minor polypeptide, M r 230K, constituting purified filamentous virus particles of RSV and RGSV, is considered to be the RNA polymerase protein (Toriyama, 1986a (Toriyama, , 1987 . The largest genome segment, RNA 1, is presumed to encode this 230K RNAdependent RNA polymerase, because this RNA segment alone is large enough to encode the 230K protein. In this paper, we present the nucleotide sequence of the RNA segment 1 of RSV. Analysis of the amino acid sequence of the predicted open reading frame reveals that RNA segment 1 does indeed encode the RNA polymerase. A high degree of homology was found between RSV RNA 1 and the L RNAs of phleboviruses. This homology was even greater than that detected for RNAs 2 and 3 of RSV.
Methods
Virus andplant. RSV isolate T was propagated in wheat plants with transmission by the viruliferous small brown planthopper L. striatellus, and purified as described previously (Toriyama, 1986a; Toriyama & Watanabe, 1989) . The nB component, which contains RNA segment 1, was further purified at least twice by centrifugation on linear 5 to 35 % sucrose gradients. RSV RNA was prepared as described previously (Toriyama, 1986a) . ssRNA I was separated from RNAs 2, 3 and 4 by electrophoresis in 1% low-melting-point agarose gel (LGT agarose; Nakarai Chemicals) (Toriyama & Watanabe, 1989) .
cDNA synthesis and cloning, vRNA-dependent cDNA synthesis was done by the method of Gubler & Hoffman (1983) using M-MLV reverse transcriptase lacking RNase H activity (BRL) and a synthetic oligonucleotide, primer A, with the sequence 5' AGAGGAAAAAA-TAATTTTGA 3', which is complementary to the unique nucleotide sequence located at nucleotides 11 to 30 from the 3' end of RNA 1 (Takahashi et al., 1990) . The cDNA was blunt-ended with 1"4 DNA polymerase and inserted into the Smal site of pUC 18 (Yanisch-Perron et al., 1985) . Recombinant plasmids were transformed into the competent Escherichia coli strain JM109 (Nippon Gene Company; Hanahan, 1985) . Four independent clones were obtained, all of which contained the 3'-proximal sequence of RNA segment 1 (Takahashi et al., 1990) . Two clones, pRS1S61 and pRS1S207, were used for the sequence determination of the 3' half of RNA 1 (Fig. 1) . To obtain cDNA clones for the 5' half of RNA segment 1, primer B (5' TATCTTGGGTATCTAAAGAA Y), from the 3'-proximal region nucleotide sequence of clone pRS1S61, was used. The ds-cDNA was tailed with dCTP using terminal deoxynucleotidyl transferase (BRL), and annealed with Pstl-cut pUCI9 vector which was previously tailed with dGTP. The recombinant plasmids were transformed into E. coli DH5~ F' (BRL). Seven independent clones were isolated, of which two clones, pRS1CI7 and pRS1C18, were used for the sequencing (Fig. 1) .
DNA sequencing. Four recombinant plasmid clones, pRS1S61, pRSIS207, pRS1CI7 and pRS1C18, were digested with restriction enzymes and the resulting fragments were subcloned into the M I3 mpl8 or mpl9 phage vectors, or into pUC18 or pUC19 plasmid vectors. Alternatively, a nested set of deletions was prepared from the inserted DNAs of subclones of the four clones using the Kiro sequence deletion kit (Takara Shuzou; Henikoff, 1984; Yanisch-Perron et al., 1985) . The ss-and dsDNAs prepared were sequenced using the Sequenase version 2.0 kit (United States Biochemicals) and [c~-35S]dCTP (Amersham) (Sanger et al., 1977) . Sequencing in one direction for clone pRS1C17 was done with an automated DNA sequencer (model 373A, Applied Biosystems). The nucleotide sequences were analysed using the DNASIS program (Hitachi Software Engineering Co.). The GenBank/ EMBL and NBRF/PIR databases were searched for RNA and amino acid sequence homologies.
Results

Nucleotide sequence of the RSV RNA segment l
The first step cDNA synthesis was carried out using an oligonucleotide primer (primer A) complementary to nucleotides 11 to 30 from the 3' end of RNA segment 1. One clone contained an insert of about 7000 bp, but after a few cycles of transfer the size became smaller, suggesting deletion by intramolecular recombination. Therefore, we prepared two sets of partial clones (pRS1S61 and pRS1S207), covering the 3' half of RNA segment 1 as illustrated in Fig. 1 . Based on the 3'-terminal sequence of these 3'-half clones, we prepared an internal primer and carried out the second step cDNA synthesis. Clones pRS1C17 and pRS1C18 were chosen for the sequence determination of the 5' half. The sequence of RNA segment 1 (nucleotides 21 to 8957) was determined using two independent overlapping clones, except for the region between nucleotides 5233 and 5584 (this region was analysed only for clone pRS1S61). The sequences of both termini were obtained from the data determined by direct sequencing of viral RNA 1 (Takahashi et al., 1990) . The complete nucleotide sequence of RSV RNA segment 1, expressed as viral complementary sense, is shown in Fig. 2 . RNA segment 1 is composed of 8970 bases, with a base composition of 26-83% A, 34-33% U, 22.02% C and 16.82% G. The sequence was scanned for AUG-initiated open reading frames (ORFs). A single large ORF was detected in the viral complementary sequence (cRNA). Other short ORFs were identified on viral sense RNA (vRNA), which may encode M r 9.3K, 8.1K and 6.3K products. The large ORF present in cRNA extends from the 5'-proximal AUG codon at positions 58 to 60 to the UGA stop codon at position 8815 to 8817 (Fig. 2) . The noncoding sequences are therefore 57 nucleotides at the 5' end and 153 nucleotides at the 3' end.
The amino acid sequence derived from the long ORF is shown in Fig. 2 . The predicted gene product is 2919 amino acids long and has an estimated M r of 336860. (Takahashi et al., 1990) , are indicated by arrows.
This predicted M r is larger than the previously estimated size (230K) of a minor polypeptide associated with RSV, which was based on the relative migration in an SDSpolyacrylamide gel (Toriyama, 1986a (Elliott, 1989; Schmaljohn, 1990; De Haan et al., 1991) (Fig. 3e,f) . A weak similarity was found with the L protein of Tacaribe arenavirus: 19.2% identity over 449 amino acids in the region containing the polymerase motifs (Iapalucci et al., 1989) (Fig. 3g, h ).
The similarity search using the GenBank/EMBL nucleotide and NBRF/PIR protein databases showed clearly that RSV RNA segment 1 is homologous to the L RNA of phleboviruses, i.e. Uukuniemi virus (UUKV) (Elliott et al., 1992) , Rift Valley fever virus (RVFV) (Muller et al., 1991) and Toscana virus (TOSV) (Accardi et al., 1993) . At the amino acid level, the similarity was maximal between the RSV Pol protein and the L proteins of the phleboviruses (UUKV, RVFV and TOSV), as shown in the dot-plot analysis of protein homology (Fig. 3 a, b, c) . Among the L proteins of the phleboviruses, the percentage of identical amino acids was 36'9% between UUKV and RVFV ( Fig. 3d) , 35.8% between UUKV and TOSV, and 5l'5 % between RVFV and TOSV over the entire amino acid sequences. An optimal sequence alighment of the RSV Pol protein with the UUKV L protein reveals 31.1% identical residues and 71.2% overall similarity (including conserved amino acids). The similarity was maximal between residues 493 to 2026 (RSV) with only a few minor gaps, except for a 26 amino acid gap in the sequence of UUKV L protein between residues 1333 to 1362. The greatest similarity was between residues 1362 to 193l (569 amino acids) where there is 39'3 % identity and 78-3 % similarity (Fig. 4) . This region contains the sequence of the putative RNA polymerase domain, including the four polymerase motifs proposed by Poch et al. (1989) in the RNAdependent RNA polymerase and identified in L proteins of UUK and RVF phleboviruses (Elliott et at., 1992) . In addition, this region contains one distinct homologous
Discussion
The nucleotide sequences of the RNAs 2, 3 and 4 of RSV isolate T have been reported previously (Zhu et al., 1991 (Zhu et al., , 1992 Takahashi et al., 1993) . The determination of the sequence of RNA 1 completes the genome sequence of RSV. As summarized in Fig. 5 , the complete genome comprises 17145 nucleotides, of which 86-8 % code for seven ORFs. Each of RNAs 2, 3 and 4 has an ambisense coding strategy, and RNA segment 1 is a negative strand RNA. MStV, another member of the tenuiviruses, contains five RNA segments, of which the smallest RNA (RNA 5) is a negative strand and encodes a highly basic protein (Huiet et al., 1993) . Although the existence of a small RNA has been reported for a different isolate of RSV (Ishikawa et al., 1989) , we have been unable to find such a small distinct RNA in RSV (Toriyama, 1982; Toriyama & Watanabe, 1989) . Furthermore, a purified preparation of RSV containing the four RNA species alone reproduced the original chlorotic stripe symptoms on rice seedlings, when inoculated through the planthopper vectors (Toriyama, 1982) . Among the seven putative viral-coded proteins, the nucleocapsid protein and a non-structural protein (S-protein) were shown to be encoded by cRNA 3 and vRNA 4, respectively . We have now shown that the predicted Pol protein (336.8K) is encoded by cRNA 1. This Pol protein is most probably the previously designated 230K protein which is associated with RSV nucleoproteins and was considered to be a putative RNA 130  140  150  1~  170  180  190  200  210  220  230  240  GGGTATCATG AAG~GA~G GCAGGAGATA 6AAGA6~GG AAGAAACAGA TGTCAGAGGA GATGGA~ GT~ATCA ~CCATACTA TATAGTATGG GC~GAGCAA 970  9~  990  I~0  1010  1020  1030  1040  1050  1060  1070 i0~ AGAATAACTG AAACAAGAAA I-IIIGTGA~ GAGGAGATAA TAG~AACAG GCG~CTCTG GAGAGCTTAT ~GTGTCAAG CA~GA~AT C~GCAGAGT TA~CCCA GAAACTTAGT 1330  i~0  1350  1360  1370  13~  13~  1400  1410  1420  1430 1440 1570  1580  1590  1600  1610  16~  1630  1640  1650  1660  1670  16~  ATAAAA~GA ACACTGATGA TAAGGG~GG TCAGTCAGTG A~CGATAAA GCAAGAIIII ~ATA~GGA AGAGACTA~T GG~GC~AG 2170  2180  2190  22~  2210  2220  2230  2240  2250  2260  2270  22~  ACTAAGGAAA TGTATGAGCA TTTTGTCAAT CCAATGATTT CAGGAGAAAA AGACTATG~ GCCAATTTAA AG~CATAAT AGACAA~AG ACCAGAGATG AGCAGAG~A GAATTTAGAG T 22~  2300  2310  2320  2330  2340  2350  2360  2370  2380  2390 2410  2420  2430  2440  2450  24~  2470  2480  2490  2500  2510 2520 ACACTAAAAG CTCCAGTCCA ACTTCCC~A ATCATACCGG ATGTGTCAAG TCAGGACAAT CAA~CTCAA ACAAGGAACT ATCTGATAGG ATACGGAAGA AGCCGATCGA CCACCCTA~ Y  2650  2660  2670  26~  26~  27~  2710  ~  2730  2740  2750  2760  ~GAAAGATA GGAGTCAGTA CAACAGGACA A~GCTAA CTA~ATGAA GGAGGACATC TACITGGCTG AAAGGGGGAT AA~G~AAG AAGAGG~GG AAGAACCAGA TGTGAAATI- F   2770  2780  27~  2800  2810  28~  2830  2840  2850  28~  2870  28~ ~TCGAGATC AGTCTAAGAG GCCTTTTCAT CCTTTTG~A GTG~ACCAG AGACATAGAG CAG~CAC~ AGAAAGAGTG C~GGAACTC AATGAAGAGT CAGGACA~G CTCG~G~A 3610  3620  3630  3~0  36~  36~  3670  3680  36~  37~  3710  3720 ~ATTTATGA TAGAAGACGA GAAGAAAAAG TGGTrTGGAT TCAAAAATAT G~C~GCTT GA~GTAATG GTAAAC~GC TGATr'rAT~ GATCAGGA~ AAATGCTTAA ~TCIiI]AT 3730  3740  3750  3760  3770  37~  37~  3800  3810  3820  38~  3~0  CTTGG~ATC TAAAGAACAA AGATGAGGAG GTCGAAGACA ATGGCATGGG TCAA~A~G 40~  4100  4110  4120  4130  4140  41~  41~  4170  41~  41~  42~  ~CCAGGAGCAATCTAGAAGT~ACA~TAATAG~GC~  ~G~AATATA~TG~A~  ~CA~G~AAGCTGT~CATAGAAGCAAA 4210  4~0  4230  4240  42~  42~  4270  42~  42~  4300  4310  43~  6ACGAAACAC CAGGAAAAGA A~GAAAATA ~GGTAGATC TCTTAC~AA GG~A~GAA G~C~AACA AAAATGAA~ TATGCACA~ ~TAITITCA AGAAGAA~A 4810  4820  4830  4~0  4850  48~  4870  48~  4890  4900  4910  49~ 5170  5180  5190  5200  5210  5220  5230  5240  5250  52~  5270  52~  G~CACAGGCCAACTTTTAGG~GG~A~ 53~  5310  5320  5330  5~0  53~  53~  5370  53~  53~  5400  ACATATGCCC TCACT'I~AT A~GCAAG~ GC~AAGCTA TGATACACTA TAGAATG~G GGCAGTAGTG CTTCATCAGT GTGGCC~CA TA~AAA~C 
G D Z l A K F L S T Q F I E T M A S L Z A S S N F S E D Y Y L Y T P S R R L K
~AA~GAGAAGCTCAC~CC~AA~AAA N Q E Q S R S K H V I b A G G N I S ~ S V [ G ~ t Y ~ ~ S E V I E Z L T T L I ~
GCATGGAGGC D E T P G K E L K I V V D L L P K A M E V t N K N E C M H I C I F K K N O H G G 43~ 4~0 4350 43~ 4370 43~ 43~ 44~ 4410 44~ 4430 4440 C~AGAGAAA T~G~ TA~CITI" GAAAGAATAA TGCAGAAGAC AGTGGAAGAT ~CTAGAG CCA~CTAGA ATGCTGTC~ A~GAGACAA ~ACATCCCC GAAAAACAAG L R E I Y V L N I F E R I M O K T V E D F S R A I L E C C P S E T M T S P K N K 44~ 4460 4470 44~ 44~ 45~ 4510 45~ 4530 4~0 45~ 45~ TFTAGAATAC ~GAA~GCACAAC~GGAAGCAAGGAAAA ~AAAAAATGA~ATGACA~AT~A ~AGTGATGATGCATCGAAA~GAA~AAG ~CA~A~TATCTAAA~C F R i P E L H N M E A ~ K T L K N E Y M T I S T S D D A S K ~ N Q G H Y V S K F 4570 45~ 45~ 4600 4610 46~ 4630 4~0 4650 4660 4670 46~ ATGTGTA~CTA~GAGG~CAC~CAACATA~A~ATGGC~C~T ~AGG~CTTCAA~ATGGCATC~AAGAAG~A~C~A~A~AGCTG~GCAA~ ATTTA~CAA M C 8 L L R L T P T Y Y ff 6 F L V Q A L O L W H H K K I F L G b Q L L Q L F N Q 46~ 47~ 4710 47~ 4730 4~0 4750 47~ 4770 47~ 47~ 4800 ~TG~ATGC TAAATACCAT GGACACAACC CTCATGAAAG TCTFrCAAGC ~ACAAAGGG GAGA~CAAG ~CCTTGGAT GAAGGCAGGT AGA~ACA ~GAGA~GA GACAGG~ N A M L N T M
D T T L M K V F O A Y K G E I 0 V P ~ ~ K A G R S Y I E T E T G ~
~GCAGGGAA ~CCA~ATA~AG~ ~A~CC~G ~ATC~C~ GGACCAA~GGCTG~GAGTGTAGAAGAGATATAAA~GAGCAA~AAGACAATAA~AATAAAGAAA~ ~ Q G I L H Y T S S L F H A I F L b Q L A E E C R R D I N R A I K T I N N K E N
W F R K K E ~ L G T Y L G I Y K S P K S T T Q T L F V M E F N S E F F F S G D
5780 5790 5800 5810 58~ 5830 5~0 58,50 5860 58~ 5880 AAGAGTCCCG GTGTGATACA G~ACTGTCT AAAGGAAACA TG~GGCAAG GAAGATAGCG TCAA~GTAT TCTTCATATC TAGACATATA GTCTTCACAA ~TCCGCTI'A ~ATGATGCA 6130  6140  6150  6160  61~  61~  61~  6200  6210  62~  6230 6240 64~  65~  6510  6520  6530  6540  6550  6560  6570  65~  6590  6~0  ~AGTCAACG AGAGAAGAAG AG~AGGGCA GATGTGCA~ TAACAGGGAC AGAAGGATTT TCTAAG~GC CAATGTATAC AGCAG~GTC TGGGCCTGGT ~GATGTGAA 6610  6620  6630  6640  6650  66~  6670  66~  66~  67~  6710  6720  GCACATGACA GCATTTATA6 AA~AT~GG AAAOT~ACA AAGAACA~A CTC~66~G TCAG~ACAC TGAAAGAGAC A~GGAGAA6 66ACCATI~A AAACA~ACA 7~0  7350  7360  7370  73~  7390  7400  7410  7420  7430  7440  GATGAGG~G AAGATGAAGC A~CCAGG~ TA~GCAGTG AAG~GAGGC TGCTA~GAT CAAG~AAAC ~AATGCT~ A~AGAGAGA TACC~AG ACCCTAAAGC 76~  7700  7710  77~  7730  7~0  77~  77~  77~  77~  7790 7800 7810  7820  7830  7~0  78~  78~  78~  7880  78~  7900  7910  7920 AGTA~GATG AG]7"rC~AC ~GTA~CAG AAAGAGCTrT TAAG~ATGG TG~ACCAAG AG~CAG~C TA~GTACAA GATGAA~GA A~AAAATGT TGAGGAACAT GGAAAAAGGT GCTAAACCAG AG~CAAAAA A~GATAAAA GAGCTGTGGG A~GCA~ TGACACCACA ~AA~AATA AGAAAGTCTT CATAAC~CA CAAGGATCAG AGTCACAGAG CACAGTITCT polymerase (Toriyama, 1986a) . A discrepancy in M r values has also been reported for the L (RNA polymerase) proteins of Bunyamwera and tomato spotted wilt viruses (Elliott, 1989; De Haan et al., 1991) . The other four putative viral proteins predicted from the sequence have not yet been identified, although in vitro translation experiments indicated the presence of these genome products .
RSV and RGSV tenuiviruses have virus-associated RNA-dependent RNA polymerase activity, the level of which is comparable to that of vesicular stomatitis virus (Toriyama, 1986 (Toriyama, a, 1987 . The solubilized proteins exhibit model template-dependent RNA synthesis in vitro (Barbier et al., 1992) . The SDD tripeptide motif (Poch et al., 1989) was found in the putative RNA polymerase of RSV, at amino acid residues 1486 to 1488 and 1634 to 1636 of RSV Pol protein. These two SDD motifs are also present in the L protein of phleboviruses (Elliott et al., 1992) , and the second SDD motif is present in the L protein of segmented negative strand viruses (Poch et al., 1989) . Other prominent conserved sequences are found in the extreme 5'-and 3'-terminal nucleotide sequences of RSV and phleboviruses (Kakutani et al., 1990; Takahashi et al., 1990) . The terminal base-paired, panhandle structure (Takahashi et al., 1990 ) is presumed to have an important role in the initiation of transcription of influenza virus (Hsu et al., 1987) . Thus, it is likely that these highly conserved sequences are essential for replication and transcription of these viruses.
An additional distinguishing similarity of RSV and phleboviruses is that they have an ambisense genome: RNAs 2, 3 and 4 of RSV, and the S RNA of phleboviruses. The intergenic sequence of the S RNA centrally located between two ORFs is G-rich in three phleboviruses, TOSV, Sicilian sandfly fever and RVFV, and AU-rich in the other two phleboviruses, UUKV and Punta Toro virus (Giorgi et al., 1991 suggesting that tenuiviruses, in this respect, are similar to UUK or Punta Toro phleboviruses. Given the strong similarity between RSV and phleboviruses, we propose that RSV and the other tenuiviruses, MStV, RHBV and RGSV (Francki et ai., 1991) , should be classified in the family Bunyaviridae, but in the genus Tenuivirus not Phlebovirus. This is because the genome of tenuiviruses comprises four segments (RSV and RHBV) or five segments (MStV), while all phleboviruses have three RNA segments, although the genetic organization, expression strategies, amino acid and nucleotide sequence similarities strongly suggest that these viruses have evolved from a common ancestor.
No significant homology was observed between the Pol protein and the L protein of other members of the Bunyaviridaeo including tomato spotted wilt virus, previously the sole plant-infecting member of the Bunyaviridae (De Haan et al., t991) . A weak homolgy was found with the L protein of Tacaribe virus of the Arenaviridae (Iapalucci et al., 1989) . It is probable that Tenuivirus is in a unique position in the evolution of these ambisense genome viruses.
One of the differences between tenuiviruses and other members of the Bunyaviridae is viral particle morphology. Virions of tenuiviruses are thin filamentous particles which are pleomorphic: partially or completely unfolded coiled filaments, branched configurations, or circular filaments (Koganezawa et al., 1975; Toriyama, 1982; Ishikawa et al., 1989) . So far, enveloped spherical particles (the morphology of virions of other Bunyaviridae) have not been observed for tenuiviruses, despite extensive examination by electron microscopy of infected plant and insect tissues. Immunogold labelling with antiIgG to nucleoprotein of RSV resulted in labelling of amorphous or membranous structures in the cytoplasm of the small brown planthopper L. striatellus (Suzuki et al., 1992) . Observations of thin filamentous particles or circular filamentous particles of tenuiviruses seem to suggest that these particles might correspond to the nucleocapsids of enveloped viruses of Bunyaviridae or Arenaviridae (von Bonsdorff et al., 1969; Palmer et al., 1977) .
